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INTRODUCTION 

Malignant  peripheral  nerve  sheath  tumors  (MPNST)  are  aggressive,  difficult  to 
treat  tumors  that  arise  within  peripheral  nerves.  Although  extremely  rare  in  the  general 
population,  MPNST  occur  with  significantly  higher  frequency  (approximately  5%)  in 
patients  with  type  I  neurofibromatosis  (NF1)  and  contribute  significantly  to  the  morbidity 
and  mortality  of  affected  patients.  This  study  is  founded  on  the  belief  that  by  discovering 
the  molecular  mechanisms  underlying  MPNST  invasion  and  metastasis  we  will  gain 
clues  about  how  to  treat  these  tumors.  We  are  focusing  on  the  role  of  the  CD44 
transmembrane  glycoprotein  in  this  process,  as  we  have  previously  found  that  CD44 
proteins  are  overexpressed  by  MPNST  (Sherman  et  al.,  1997)  and  since  these  proteins 
have  been  implicated  in  tumor  growth  and  metastasis  (reviewed  by  Naor  et  al.,  1997). 

BODY 

Although  we  have  made  substantial  progress  that  is  consistent  with  our  approved 
Statement  of  Work  (outlined  below),  the  initiation  of  these  studies  was  delayed  due  to 
changes  in  personnel.  Dr.  Rachel  Bolante,  who  was  considering  joining  our  group  to 
work  on  this  project,  decided  to  join  another  lab  at  about  the  time  the  funding  for  this 
project  became  available  (September  1,  2000).  As  a  result,  we  hired  another  postdoctoral 
fellow.  Dr.  Weiping  Su  (who  recently  obtained  a  Ph.D.  from  the  University  of  Tokyo 
Department  of  Veterinary  Pathology).  However,  due  to  unexpected  delays  in  the 
processing  of  Dr.  Su’s  visa  application,  she  was  unable  to  start  working  until  March  1, 
2001.  This  report,  therefore,  describes  findings  and  achievements  of  only  the  past  7 
months.  We  wish  to  request  a  6  month  extension  on  this  project,  so  that  we  will  have  a 
full  2  years  to  achieve  the  proposed  goals. 

Objective  1:  Determine  if  epidermal  growth  factor  receptor  (EGFR)-dependent  Src 
signaling  influences  invasion  and  CD44  expression  in  MPNST  cells. 

The  initial  goal  of  this  aim  is  to  determine  if  Src  kinase  activity  is  elevated  in 
MPNST  cells  in  vitro.  Although  we  have  some  preliminary  data  consistent  with  elevated 
Src  activity,  we  are  still  optimizing  this  assay  in  our  lab,  and  should  have  results  from 
these  experiments  in  the  next  2-3  months.  We  have,  however,  made  substantial  progress 
using  Src  inhibitors  (PP1,  PP2  and  CGP77675)  to  inhibit  CD44  expression  by  MPNST 
cells.  ST8814  MPNST  cells  treated  with  any  of  these  drugs  express  dramatically  reduced 
levels  of  CD44  proteins  by  Western  blotting  compared  to  cells  treated  with  vehicle  alone 
(Fig.  la).  Similarly,  transient  transfection  of  a  dominant  negative  Src  construct  in  ST8814 
cells  inhibits  CD44  expression  (Fig.  la).  We  are  presently  testing  the  effects  of  these 
reagents  on  MPNST  motility  and  invasion,  using  a  quantitative  invasion  assay  as 
previously  described  (Lamb  et  al.,  1997)  and  as  outlined  in  the  original  proposal. 
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Figure  1:  Inhibition  of  EGFR  and  Src  kinase  inhibit  CD44  expression  in 
MPNST  cells.  (A,  left  panel)  ST8814  cells  were  grown  in  the  presence  and 
absence  of  either  the  Src  inhibitor  PP1  (or  PP2  or  CGP77675,  not  shown)  for  48 
hrs.  then  grown  for  an  additional  24  hrs.  in  the  absence  of  drug.  CD44  expression 
was  then  analyzed  by  western  blotting.  Equal  loading  was  verified  by  Ponceau  S 
staining  (not  shown).  Note  that  inhibiting  Src  activity  reversibly  reduces  CD44 
expression.  (A,  right  panel)  ST8814  cells  were  transiently  transfected  with  a 
dominant  negative  (dn)  Src  construct  for  48  hrs.  then  analyzed  for  CD44 
expression  by  Western  blotting  as  above.  Note  that  compared  to  cells  transfected 
with  vector  alone,  cultures  transfected  with  dn-src  demonstrated  reduced  levels  of 
CD44.  (B)  ST8814  cells  were  transiently  transfected  with  either  a  dominant 
negative  EGFR  construct  lacking  the  entire  kinase  domain  (“kinase”)  or  the  Src 
association  domain  (“src”)  then  assayed  for  CD44  expression  as  above.  Note  that 
both  dominant  negative  constructs  resulted  in  reduced  CD44  expression  compared 
to  untransfected  control  cultures  (“ctrl”)  and  cultures  transfected  with  vector 
alone.  Transfection  efficiency  in  these  assays  is  trypically  less  than  25%.  We  are 
presently  repeating  these  assays  with  co-transfection  of  pBabe-puro  for  transient 
selection  with  puromycin  to  kill  untrasfected  cells. 
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Figure  2:  MPNST  cells  express  HGFA  and  utilize  HGF  in  an  autocrine  loop. 

(A)  ST8814  cells  were  grown  in  the  presence  of  an  anti-HGF  neutralizing 
antibody  (aHGF)  or  an  irrelevant  control  antibody  (“ctrl”)  for  6  hrs.  Lysates  were 
immunoprecipitated  with  a  c-Met  antibody  then  examined  by  western  blot  with  a 
phosphotyrosine  antibody.  Note  that  the  level  of  phosphorylated  c-Met  (“P-c- 
met”)  is  dramatically  reduced  in  cultures  grown  in  the  presence  of  the  neutralizing 
antibody.  (B)  Lysates  of  ST8814  cells  grown  in  the  presence  and  absence  of  fetal 
bovine  serum  were  analyzed  for  HGFA  expression  by  western  blotting.  Note  that 
ST8814  cells  express  HGFA,  which  is  necessary  for  HGF  processing. 


Figure  3:  C-met  mediates  MPNST  cell  invasion.  (A)  Stable  clones  of  ST8814 
cells  expressing  a  c-met  ribozyme  (1  of  3  is  shown  here)  were  analyzed  by 
Western  blotting  for  c-met  expression  and  expressed  70-80%  less  c-met  compared 
to  stable  clones  expressing  the  ribozyme  vector  and  parental  ST8814  cells.  (B) 
The  same  clone  shown  in  panel  A  is  virtually  non-invasive  in  a  quantitative 
Matrigel™  invasion  assay  compared  to  vector  controls.  Similar  results  were 
obtained  with  the  2  other  stable  clones. 
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Prelimimary  data  described  in  the  original  proposal  indicated  that  a  dominant 
negative  epidermal  growth  factor  receptor  (EGFR)  construct  could  significantly  reduce 
CD44  expression.  This  is  interesting  in  light  of  recent  findings  indicating  that  MPNST 
cells  have  elevated  EGFR  expression  (DeClue  et  al.,  1999).  To  test  whether  elevated 
EGFR  expression  leads  to  aberrant  CD44  expression  in  these  cells  through  a  Src- 
dependent  mechanism,  we  utilized  a  dominant-negative  EGFR  construct  that  lacked  the 
Src-association  domain  in  the  cytoplasmic  tail  but  which  still  associated  with  other 
intracellular  signaling  molecules  (Biscardi  et  ah,  1999).  We  found  that  this  construct  also 
inhibited  CD44  expression  (Fig.  lb)  consistent  with  Src  activation  being  involved  in 
EGFR-mediated  activation  of  CD44  transcription. 

Objective  2:  Determine  if  CD44  contributes  to  MPNST  cell  invasion  in  vitro  by 
influencing  c-Met  signaling 

A  major  aim  of  this  objective  is  to  determine  the  contribution  of  the  receptor 
tyrosine  kinase  c-Met  and  its  ligand,  hepatocyte  growth  factor  (HGF),  to  MPNST 
invasion.  The  rationale  for  these  experiments  is  that  MPNST  cells  and  tumor  tissues 
express  both  c-Met  and  HGF  (Rao  et  ah,  1997),  and  recent  data  suggest  that  HGF 
signaling  may  depend  on  heparin  sulfate  modified  forms  of  CD44  (van  der  Voort  et  ah, 
1999).  We  previously  found  that  MPNST  cells  express  these  CD44  variants  (Sherman  et 
ah,  1997).  We  have  verified  that  MPNST  cells  express  both  HGF  and  c-Met,  and  found 
that  an  HGF-neutralizing  antibody  can  significantly  reduce  c-Met  phosphorylation  in  the 
ST8814  MPNST  cell  line  (Fig.  2a).  Furthermore,  we  found  that  MPNST  cells  express 
HGF-activating  protein  (HGFA),  a  proteolytic  enzyme  that  is  required  for  converting  pre- 
HGF  into  mature,  active  HGF  (Fig.  2b).  These  data  demonstrate  that  MPNST  cells  signal 
in  response  to  HGF  in  an  autocrine  manner. 

We  originally  proposed  using  a  dominant  negative  c-Met  construct  to  inhibit 
constitutive  c-Met  activity  in  MPNST  cells  and  to  test  if  c-Met  activity  is  required  for 
MPNST  cell  invasion.  However,  we  found  that  these  constructs  were  not  a  reliable 
means  of  reducing  c-Met  phosporylation  in  MPNST  and  other  cell  lines  (data  not  shown). 
As  an  alternative  approach,  we  obtained  ribozyme  contructs  to  target  both  c-Met  and 
HGF  translation  (Abounader  et  ah,  1999)  from  Dr.  John  Laterra  (The  Johns  Hopkins 
University  School  of  Medicine,  Baltimore,  Maryland).  We  have  now  made  stable 
ST8814  cell  lines  expressing  the  c-Met  ribozyme  and  show  that  compared  to  stable  lines 
expressing  vector  alone,  clones  of  cells  expressing  the  c-Met  ribozyme  have  dramatically 
reduced  levels  of  total  c-Met  protein  (Fig.  3a).  These  clones  are  also  significantly  less 
invasive  than  control  clones  (Fig.  3b),  consistent  with  the  notion  that  the  constitutive  c- 
Met  activity  in  MPNST  cells  promotes  their  metastatic  behavior.  We  are  presently 
generating  additional  ST8814  clones  that  express  the  HGF  ribozyme,  and  plan  to  test 
both  sets  of  clones  in  nude  mouse  tumorigenesis  and  metastasis  assays. 

Objective  3:  Test  if  reducing  CD44  expression  inhibits  MPNST  growth  or  metastasis 
in  vivo 

Our  preliminary  data  indicated  that  antisense  CD44  oligonucleotides  could 
transiently  reduce  CD44  expression  and  inhibit  MPNST  cell  invasion  in  vitro.  Our  first 
goal  in  this  objective  was  to  generate  an  ecdysone-inducible  antisense  CD44  construct 
that  could  be  used  to  reduce  CD44  expression  in  MPNST  cells.  We  have  cloned  this 
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construct  and  we  are  presently  testing  it  in  transient  transfection  assays  before  generating 
stable  ST8814  clones  for  use  in  tumorigenesis  studies  in  nude  mice. 


KEY  RESEARCH  ACCOMPLISHMENTS 

-  Demonstrated  that  elevated  EGFR  expression  contributes  to  aberrant  CD44 
expression  in  MPNST  cells  through  a  Src-dependent  mechanism 

-  Demonstrated  that  Src  activity  alone  can  abrogate  aberrant  CD44  expression 

-  Determined  that  HGF  and  c-Met  co-expression  by  MPNST  cells  forms  an  active 
autocrine  loop 

-  Determined  that  MPNST  cells  express  HGFA 

-  Found  that  reduction  of  c-Met  expression  is  sufficient  to  inhibit  MPNST  cell 
invasion  in  vitro 

REPORTABLE  OUTCOMES 

A  manuscript  describing  our  findings  on  the  regulation  of  CD44  expression  by 
EGFR  and  Src,  and  the  role  played  by  CD44  in  MPNST  cell  invasion  is  in  preparation 
and  should  be  submitted  within  one  month.  We  also  anticipate  submitting  a  second 
manuscript  within  the  next  6  months  describing  the  interactions  between  CD44 
components  of  the  HGF-c-Met  autocrine  loop. 

In  addition  to  the  manuscripts,  the  inducible  antisense  CD44  constructs  are 
available  to  other  investigators  who  are  interested  in  this  system. 

CONCLUSIONS 

Collectively,  our  findings  to  date  indicate  that  aberrant  CD44  expression 
contributes  to  the  invasive  properties  of  MPNST  cells,  possibly  by  facilitating  c-Met 
activity.  We  further  find  that  this  abnormal  CD44  expression  is  due  to  elevated  EGFR 
expression  that  is  linked  to  Src  activation.  Ongoing  studies  will  determine  the 
mechanisms  by  which  CD44  influences  c-Met  activation,  and  whether  HGF  processing 
requires  CD44.  These  data  are  significant  in  that  they  implicate  aberrant  Src  and  c-Met 
signaling  in  MPNST  invasion  and  metastasis.  The  finding  that  HGFA  is  expressed  by 
these  cells  also  suggests  that  it,  too,  is  a  potential  anti-metastasis  therapeutic  target. 
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